Introduction
============

Psoriasis is a common and recurrent chronic inflammatory skin disease ([@b1-etm-0-0-5012]). Histopathological analyses have previously demonstrated thickening of the stratum corneum, dyskeratosis, thinner or disappeared granular layer, thickening acanthosis and cuticle angiogenesis in patients with psoriasis ([@b2-etm-0-0-5012],[@b3-etm-0-0-5012]). In recent years, the development of proteomics has provided an effective way to identify sensitive and specific markers of disease ([@b4-etm-0-0-5012],[@b5-etm-0-0-5012]). Abnormal protein expression in psoriasis vulgaris (PV) patients usually leads to skin cell death, immune response and inflammatory reaction in psoriatic skin ([@b6-etm-0-0-5012]).

By separating peripheral blood and tissue fluid from PV patients and normal individuals, differentially expressed proteins have been previously identified using two-dimensional gel electrophoresis (2-DGE) and matrix-assisted laser desorption/ionization time-of-flight/time-of-flight mass spectrometry (MALDI-TOF-TOF-MS) ([@b7-etm-0-0-5012],[@b8-etm-0-0-5012]). Using bioinformation technologies and proteomics, the markers of PV can be identified.

In the present study, 2-DGE was performed for protein separation, and then differentially expressed proteins were identified by MALDI-TOF-TOF-MS and bioinformatics analysis. The differentially expressed proteins were analyzed by comparing the skin lesions of PV patients and normal human tissues, providing an insight into the pathogenesis of PV that may assist in identifying potential therapeutic targets.

Materials and methods
=====================

### Materials

Specimens were collected from 16 PV patients (8 male and 8 female; mean age, 35.5 years; age range, 19--60 years) who were admitted to the Department of Dermatology of the 202 Hospital of PLA (Shenyang, China). In addition, specimens were collected from 20 healthy individuals without PV (outpatient subjects; 10 male and 10 female) who were recruited as the control group. Protein determination bi-directional quantification kit, 2D clean-up kit, MS identification reagent, dithiothreitol (DTT) and iodoacetamide (IAA) were purchased from GE Healthcare Life Sciences (Little Chalfont, UK). Solid PH gradient dry strip \[immobilized pH gradient (IPG) 3--10; 24 cm\], electrophoresis reagents, acrylamide/bis-acrylamide, glycine, urea, Tris, SDS and CHAPS were obtained from Amresco LLC (Solon, OH, USA). Peptide standard and acetonitrile were obtained from Merck KGaA (Darmstadt, Germany), trifluoroacetic acid (TFA) was from Sigma-Aldrich (Merck KGaA), while matrix α-cyano-4-hydroxycinnamic acid (CCA) and trypsin were from Promega Corporation (Madison, WI, USA). All the experiments were approved by the institutional Review Board and obtained signed documents of informed consent from the patients.

### Protein extraction

The skin layer was collected from skin lesions of PV patients and from normal control individuals. The collected specimens were 0.5×0.5 cm in size and were preserved at −70°C. Next, the frozen tissue sections with thickness of 16--18 µm were transferred on Leica film slides and then cut using a Leica laser cutting instrument (Leica Microsystems, Wetzlar, Germany). The specimens were observed with methylene blue staining, as shown in [Fig. 1](#f1-etm-0-0-5012){ref-type="fig"}. Samples from the stratum corneum and dermis tissue were obtained. Subsequently, the tissue was then placed in the 0.5-ml centrifuge tube and protein was extracted using the 2D clean-up kit. Protein concentration was determined using a BCA kit. Equal quantities of protein (40 µg in 10 µl solution) were extracted according to the different protein concentration, and the proteins were collected from both the dermal layer and the stratum corneum of PV patients. The same treatment was applied in the control group. Samples (100 µl each) were then subjected to gel electrophoresis.

### 2-DGE

Each SDS-polyacrylamide gel was loaded with 100 µg protein and mixed with a solution containing 7 mol/l urea, 2 M thiourea, 4% CHAPS and 0.2% ampholyte, with a total sample volume of 290 µl. Following hydration of the IPG adhesive strip (24 cm; pH 3--10; non-linear), mineral oil was used to prevent exposure to the air. The isoelectric focusing procedure was set to 30 V for 6 h, 60 V for 6 h, 500 V for 1 h, 1,000 V for 1 h, 8,000 V for 10 h, and the total voltage time product was 64,000 V/h. Subsequent to isoelectric focusing, the IPG strip was preserved in the SDS equilibrium solution (containing 6 M urea, 2% SDS and 0.02% bromophenol blue liquid reserves) for 15 min. After equilibrium was achieved, the IPG strip was placed above the 12.5% uniform polyacrylamide gel, and 10 µl protein marker was added on the SDS-polyacrylamide gel. Any air bubbles were removed and the gel was sealed using anhydrous ethanol. Next, 2-DGE was performed until the bromophenol blue reached the bottom edge of the gel, with a total duration of 20 h. Cy3 and Cy5 fluorescence staining (Rongbio, Shanghai, China) was then performed in the samples from the dermis and corneous layer groups in PV patients and controls. The images were subjected to intensity correction, point detection, background subtraction, homogenization and matching processing by DeCyder 2D version 6.5 software (GE Healthcare Life Sciences).

### Enzymatic digestion and mass spectrometric identification

The differentially expressed protein spots observed by 2-DGE were selected; the software DeCyder 2D 6.5 (GE Healthcare Life Sciences) was used to analyze it. Next, the gel was digested by 20 µg/l trypsin at 37°C overnight, and the peptide extraction was dissolved in 50% acetonitrile and 0.5% TFA. The obtained peptide were dissolved in 50% acetonitrile −0.5% trifluoroacetate and then mixed with saturated matrix CCA at 1:1. The samples were loaded onto the target instrument, dried and subjected to MALDI-TOF-TOF-MS detection, as previously described ([@b9-etm-0-0-5012]).

### Protein identification and database search

The peptide mass fingerprint data was searched in the protein sequence database SwissProt ([uniprot.org/](uniprot.org/)) and the search engine Mascot ([matrixscience.com](matrixscience.com)). Parameter settings were as follows: Cysteine abbreviated as Cys (carbamidomethyl); variable modification abbreviated as M (oxidation); each peptide was set as one incomplete cleavage site peptide fragment with a maximum allowable error of ±100 ppm. Protein matching scores of \>36 indicated that differences were statistically significant (P\<0.05), determined using Mascot. Through MALDI-TOF-TOF-MS ([@b9-etm-0-0-5012]), the proteins were identified and the functions were established.

Results
=======

### 2-DGE

The 2-DGE results of the stratum corneum and dermis samples obtained from PV patients and normal controls were analyzed using the DeCyder 2D version 6.5 image analysis software. As shown in [Fig. 2](#f2-etm-0-0-5012){ref-type="fig"}, the protein spots demonstrated good repeatability and stability. The differentially expressed protein spots in the stratum corneum and dermis of PV patients were 1,969±21 and 1,928±49, respectively. One piece of gel was set as control, with the average matching rate of 78.2 and 76.3%. Protein expression that showed an \>2-fold difference between the patients and controls, and when the same changes appeared in three samples, then the protein was regarded as being differentially expressed.

### MS identification results

In the present study, the proteins from the stratum corneum and dermis layer of skin lesions from PV patients and normal control individuals were investigated. According to the MALDI-MS and bioinformatics analysis, 30 differentially expressed proteins were identified and 14 proteins meaningful to the present are presented in [Table I](#tI-etm-0-0-5012){ref-type="table"}. The identified proteins can be divided into the following categories: Keratin, type I cytoskeletal (K1C) proteins, including K1C10, K1C14, K1C15 and K1C16; keratin, type 2 cytoskeletal 1 (K2C1) protein; actin-associated proteins, including actin-related protein 3 (ARP3), actin aortic smooth muscle (ACTA2), putative β-actin-like protein 3 (ACTBM); heat shock family proteins, including heat shock protein β1 (HSPB1) and 60 kDa heat shock protein (CH60); prohibitin (PHB); centrosomal protein of 135 kDa (CP135); and membrane-associated proteins, including annexin A4 (ANXA4) and ANXA5 ([Table I](#tI-etm-0-0-5012){ref-type="table"}). [Fig. 3](#f3-etm-0-0-5012){ref-type="fig"} demonstrates the location and three-dimension representation of CP135 on the gel.

### Differentially expressed proteins in the stratum corneum of PV patients

All 14 identified proteins were differentially expressed in the stratum corneum of PV patients. Of these, 11 proteins were upregulated in PV patients compared with the control tissues, including K1C10, K1C14, K1C16, K2C1, ARP3, ACTA, ACTBM, CH60, PHB, CP135 and ANAX5. By contrast, 3 proteins were downregulated in the stratum corneum of PV patients, including K1C15, HSPB1 and ANAX4 ([Table I](#tI-etm-0-0-5012){ref-type="table"}).

### Differentially expressed proteins in the dermis of PV patients

In the dermis of PV patients, the proteins K1C16, ACTA and CP135 were downregulated compared with the control tissues. These three proteins were upregulated in the stratum corneum, but downregulated in the dermis ([Table I](#tI-etm-0-0-5012){ref-type="table"}).

Discussion
==========

Previous studies on PV serum proteomic MS have provided a scientific basis for the pathogenesis of PV ([@b10-etm-0-0-5012]--[@b12-etm-0-0-5012]). However, there is a possibility that the proteins at high abundance in the samples may affect the detection of those at low abundance. If direct investigation of proteins in the PV lesional stratum corneum and dermis can be performed, such influence can be avoided, resulting in more accurate and reliable test results. The results of the present study demonstrated that numerous cytoskeletal proteins (including K1C10, K1C14, K1C15, K1C16 and K2C1) were highly expressed in the cuticle lesions of PV patients. Bhawan *et al* ([@b13-etm-0-0-5012]) examined lesional and non-lesional samples from PV patients, as well as normal human samples, by immunohistochemical staining. The authors identified that K1C16 expression was high in PV patient samples, which is similar to the results observed in the present study. In addition, K1C16 was also found to be upregulated in non-lesional skin samples. Therefore, K1C16 can be used as a marker for monitoring preclinical PV ([@b13-etm-0-0-5012]).

K1C15 expression results in incompatible keratinocyte formation, and K1C15 gene downregulation can maintain activation phenotype ([@b14-etm-0-0-5012],[@b15-etm-0-0-5012]). Thus, regulation of the expression of K1C15 can shorten the course of a disease. A previous study has suggested that K1C10 is highly expressed in skin tissues ([@b16-etm-0-0-5012]), which is in line with the findings of the current study. K1C10 is rich in proteoglycans containing leucine and keratan sulfate, and is a component of type I collagen fiber serving a key role in collagen fiber tissues. In addition, K2C1 is reported to widely exist in elastic fibers, which are necessary components of the skin ([@b17-etm-0-0-5012]). K2C1 is located at the extracellular matrix in the skin tissue and dynamic connective ligament, which endows elastic recoil for the tissue. In the present study, all the aforementioned highly expressed keratin-associated proteins were found to be upregulated. Whether these upregulated proteins can serve as diagnostic markers for PV requires further investigation.

Actin has been demonstrated to be important during the mitotic phase of the cell cycle ([@b18-etm-0-0-5012]). As a component of the actin filament nucleation ARP2/3 complex, ARP3 serves a key role in mitosis. Actin is widely detected in blood vessels. Its high expression in the cuticle lesions of PV patients suggested the hyperplasia of blood vessel. In the current study, ARP3, ACTA and ACTBM were found to be increased in the stratum corneum of PV patients, which further confirmed the vascular hyperplasia of PV patients. If the expression of actin can be reduced, the formation of skin lesions resulting from angiogenesis may be inhibited, thereby providing a new inside for the investigation of immunotherapy for PV.

The annexin family is a type of structure-associated calcium-dependent phospholipid binding protein superfamily. Annexin is widely distributed in various tissues and cells, and is known to participate in various cellular activities through the regulation of inflammation, immune response, cell differentiation, proliferation, apoptosis and cell signal transduction. Zimmermann *et al* ([@b19-etm-0-0-5012]) have suggested that ANXA4 may be involved in cell growth, differentiation and transformation in the renal medulla tumors. In the current study, downregulation of ANXA4 was observed in the stratum corneum of PV lesions, leading to uncontrolled cell proliferation in the PV lesions, which further resulted in hyperkeratosis of the epidermis formation. By contrast, the results of the study also indicated that ANXA5 was highly expressed in the stratum corneum of patients with PV. In rheumatoid arthritis and other diseases of the immune system, the protein levels of ANXA5 are also enhanced ([@b20-etm-0-0-5012]). ANXA5 is mainly expressed in the cytoplasm of squamous cell carcinoma of the uterine cervix, and its mRNA expression has been found to gradually increase with progressive cancer cell differentiation ([@b21-etm-0-0-5012]). The increased expression of ANAX5 may lead to decreased cell differentiation of the stratum corneum cells in PV lesions. It has been confirmed that, in the presence of Ca^2+^, ANXA5 hinders the recognition and binding of apoptotic cells by the phagocytic cells, thereby inhibiting the process of apoptosis ([@b22-etm-0-0-5012]). High expression levels of ANAX5 in PV lesions may also inhibit the process of cell apoptosis, resulting in epidermal cell hyperplasia and the emergence of PV-like lesions.

Heat shock protein is a type of heat-induced protein that is highly conserved in all living cells ([@b23-etm-0-0-5012]), and serves important physiological roles. Upregulation of heat shock protein protects cells from stress-associated response ([@b24-etm-0-0-5012]). An increased expression of heat shock protein can inhibit skin cell apoptosis and inflammation, and is induced by UV radiation through multiple signal transduction pathways and heat shock transcription factors. UV radiation may also exert an adaptive protection function by heat shock protein phosphorylation and translocation ([@b25-etm-0-0-5012]). Thus, upregulation of HSPB1, a heat shock protein family member, in epidermis exposed to UV radiation is correlated with the adaptive protection process ([@b26-etm-0-0-5012]). In the present study, the expression of HSPB1 was significantly reduced in the lesions of patients with PV. Boxman *et al* ([@b27-etm-0-0-5012]) has demonstrated that UV radiation causes an increase the expression of HSPB1, which serves as a self-protective mechanism of epidermal cells, thereby restoring the normal morphology and function of the skin. The current study observed that CH60 was upregulated in lesions of patients with PV, which is in agreement with the results of a previous study ([@b28-etm-0-0-5012]). Furthermore, it has previously been identified that the cascade reaction of inflammatory lymphocytes in the serum of patients with palmoplantar pustulosis and enhanced expression of CH60 significantly increased the incidence of PV ([@b29-etm-0-0-5012]).

In conclusion, the present study successfully established a platform for investigation of PV protein makers using proteomic technologies. K1C10, K2C1, ARP3, ANXA4, ANXA5 and CH60 may be possible PV pathogenesis markers. The present study provided further inside on PV pathology that may assist in the future investigation of immune therapy techniques for PV.

![Microscope images of psoriasis vulgaris lesions (A) prior to and (B) following sectioning, observed with methylene blue staining (magnification, ×10).](etm-14-04-3369-g00){#f1-etm-0-0-5012}

![Gel map of stratum corneum in patients with PV using (A) Cy3 and (B) Cy5 staining. (C) Fluorescent gel map of stratum corneum in patients with PV. PV, psoriasis vulgaris.](etm-14-04-3369-g01){#f2-etm-0-0-5012}

![Location and three-dimension representation of CP135 in the gel. Location of CP-135 in the gel from (A) the control group dermis and (B) the psoriasis group\'s dermis. Three-dimensional images of CP-135 in the gels from (C) the control group dermis and (D) the psoriasis group dermis.](etm-14-04-3369-g02){#f3-etm-0-0-5012}

###### 

Mass spectrometry results of differentially expressed proteins.

          Differential expression^[c](#tfn3-etm-0-0-5012){ref-type="table-fn"}^                                       
  ------- ----------------------------------------------------------------------- ------- ------ ----- ------ --- --- ------------
  K1C10   Keratin, type I cytoskeletal 10                                         59      5.13     7   106    ↑       2.19
  K1C14   Keratin, type I cytoskeletal 14                                         51.9    5.09     6   103    ↑       2.59
  K1C15   Keratin, type I cytoskeletal 15                                         49.4    4.71     5     43   ↓       −3.81
  K1C16   Keratin, type I cytoskeletal 16                                         51.6    4.99     8   267    ↑   ↓   2.15/−5.15
  K2C1    Keratin, type II cytoskeletal 1                                         66.2    8.15     2     36   ↑       2.83
  ARP3    Actin-related protein 3                                                 47.8    5.61     7   184    ↑       2.32
  ACTA    Actin, aortic smooth muscle                                             42.4    5.23     4   141    ↑   ↓   2.39/−3.67
  ACTBM   Putative β-actin-like protein 3                                         42.3    5.91     7   181    ↑       6.28
  HSPB1   Heat shock protein β1                                                   22.8    5.98     8   139    ↓       −2.45
  CH60    60 kDa heat shock protein                                               61.2    5.7      6   178    ↑       3.13
  PHB     Prohibitin                                                              29.8    5.57   12      47   ↑       2.76
  CP135   Centrosomal protein of 135 kDa                                          133.9   5.87     6     40   ↑   ↓   2.23/−2.41
  ANXA4   Annexin A4                                                              36.1    5.84     7   116    ↓       −2.35
  ANXA5   Annexin A5                                                              36      4.94     7   185    ↑       2.52

Sequence coverage rate (percentage).

Score of \>36 indicates a significant difference (P\<0.05).

A difference in expression of \>2-fold was considered to be statistically significant.

These three proteins were downregulated in the dermis. (↑ indicates upregulation and ↓ indicates downregulation). MW, molecular weight; pI, isoelectric point.
